In order to get more people, especially those under-represented in the technical fields, to discover careers in lightenabling technologies, more schools must make a greater effort at an earlier age to provide qualified instruction in these areas. The hardest part of creating new curriculum is the process of establishing its credibility.
INTRODUCTION

To be successful, a person must be able to:
• Recognize a problem/set a goal
• Find and adapt information for a specific purpose
• Evaluate solutions to a problem and implement the best one
• Communicate effectively (in whatever medium is required-math, English, art)
• Collaborate with others to solve a problem/achieve a goal
• Produce quality work All lesson plans need to keep these points in mind because these also become our criteria for evaluation of all processes. People who know how to do these things will be successful in any path they choose in the 21 st Century.
Principles underlying the National Science Education Standards:
• Science is for all students.
• Learning science is an active process.
• School science reflects the intellectual and cultural traditions that characterize the practice of contemporary science.
• Improving science education is part of a systemic education reform.
Using light as a basis for this inquiry process makes it easier to implement these standards while creating coherent, integrated curricula that produce life-long learners who can work on teams to solve problems.
METHODOLOGY
Creating new lesson plans for a subject about which they know little is one of the harder problems facing teachers today. Developing a strategy for dealing with the perennial problem of creating lesson plans for new teachers is what prompted the creation of The Five-Question Lesson Plan. Teachers who will ask these five questions will find answers that allow them to create standards-based lesson plans.
Standards-Based Learning
The term "standards-based" educational programs means nothing to most people, yet teachers must have some understanding of what these standards mean if they are to provide meaningful instruction to their classes. These standards provide a meaningful framework for designing curriculum. There are six different standards: Working with the content standards it becomes easier to see how light can be used. (Appendix C provides more information on science inquiry standards.) A few content standards related to light are:
• Light represents a central event or phenomenon in the natural world.
• Light represents a central scientific idea and organizing principle.
• Light has rich explanatory power.
• Light guides fruitful investigations.
• Light applies to situations and contexts common to everyday experiences.
• Light can be linked to meaningful learning experiences.
• Light is developmentally appropriate for students at the grade level specified.
The process skills are still the same when using light based concepts.
• Collect and record • Gather data and observe • Analyze, synthesize,evaluate, and estimate • Analyze, synthesize,evaluate, and Infer • Analyze, synthesize,evaluate, and develop a model • Analyze, synthesize,evaluate, problem solve, and draw conclusions A photonics-based science program is readily adapted to science as inquiry, physical science, life science, earth and space science, science and technology, science and personal and social perspectives, and history and nature of science curricula. Listed are some sample content standards for which these adaptations are immediately apparent.
• • Waves, Vibrations, Light, and Lasers
The Five Question Lesson Plan
A teacher must first decide what he/she wants the outcome of the lesson to be. What should students know or be able to do when they finish the lesson? Once this is decided, the rest of the planning becomes a matter of following the steps. Example questions:
• How can one measure things that cannot be measured directly, such as the moon, or the distance across a river?
• How can your students demonstrate that they know how do this? By measuring a designated distance with appropriate equipment? • What activities utilize these skills? Surveying or navigating?
• What skills do they need to know in order to do this lesson? Math, measuring, graphing, trigonometry, geometry (K-12 this changes)? • What lesson design will best allow students to move from step one to step two? Sketch of example lesson plan:
1. How do you measure things you cannot measure directly? 2. Demonstrate how to do this with a laser. 3. Diffracted lens or astrolabe lab will allow them to do this a. diffracted lens, metered stick lab (ratios and proportions) b. astrolabe, sextant, transit lab (graph and sin/cos) 4. They have to know the math for xy graphing using a protractor a. Multiply, divide, and root functions for ratios b. How to operate a laser safely c. How to use a meter stick to measure distance 5. This now determines the lesson plan design.
Lab: Measuring Distance with a Laser pointer
Students set up a laser pointer utilizing standard safety precautions for a Class II laser.
Using a diffractive lens to manipulate the beam, measure the distance between the two new center beams one meter from the lens. Now, spot the laser pointer on a distant wall with the same setup. Measure the distance between any two-center points again. Students now have enough information to utilize ratios, proportions, graphs, and sine/cosine to solve the problem. I usually start with the students graphing the results to determine the distance from the diffracted lens to the object. After a couple of graphs, ask the question: "Is there an easier way to do this?" Can they develop other ways to do the same thing? This can be used as an Internet search activity and well as a sine/cosine math lab.
The nice thing about math is that each of the different layers, from four function math to differential equations, was developed to solve a problem and make the new solution easier than previous methods. Once on that track, math does not become a problem but another tool the students use to solve problems. This simple activity that can be done at levels from grades 5-16 with appropriate math, lasers and digital cameras is an example that applies to all the standards listed in the appendices. In studying different individuals who have made light and its tools possible students will discover that other factors such as relationships between science and society sometimes are more important than just the basic knowledge of how something works. Students can learn to use light to measure the circumference of this planet much as the Greeks did at the well outside Alexandria; engage in present-day computer technology and explore what light has to do with that; or take a million stops between the two. (Appendix D provides some URLs on optics and photonics lesson plans).
CONCLUSION
If different kinds of questions suggest different kinds of investigations, then it is possible for this lesson plan to incorporate any and all of the standards into its structure. After looking over the lesson plan, notice how many items in the appendices can be answered "yes." This structure allows for the flexibility teachers need and at the same time, provides a concrete guide for meeting the important science and teaching standards to make this discipline relevant in the explosion of knowledge with which students will be faced
APPENDIX A Teaching Standards for Science Teachers
Teachers of science: A. Plan an inquiry-based science program for their students. B. Guide and facilitate learning. C. Engage in ongoing assessment of their teaching and of student learning. D. Design and manage learning environments that provide students with time, space and resources for learning science. E. Develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning. F. Actively participate in the ongoing planning and development of the school science program.
Professional Development Standards for Science Teachers
Professional development for teachers: A. Requires them to learn essential science content through inquiry-based activities. B. Requires them to integrate knowledge of science, learning, pedagogy, and students, and then apply that knowledge to the way the class is taught. C. Requires them to create their own lifelong learning habits. D. Requires that the programs they create be coherent and integrated.
Assessment Standards for Science Education
A. Assessments must be consistent with explicitly stated purposes. B. Achievement and opportunity to learn science must be assessed. C. The technical quality of data collected must be well matched to the decisions and actions taken on the basis of their interpretation. D. Assessment practices must be fair. E. The inferences made from assessments about student achievement and opportunity to learn must be sound.
Content Standards for Science Education
Unifying Concepts and Processes • Systems, order, and organization • Evidence, models, and explanation.
• Constancy, change, and measurement • Evolution and equilibrium.
• Form and function
For each of the following Content Standards, appropriate specific applications are outlined for each age level (K-4, 5-8, 9-12) 
Program Standards for Science Education
A. All elements of the K-12 science program must be consistent with the other standards and developed within and across grade levels to meet a clearly stated set of goals created by the local teacher team. B. The program of study in science for all students should be developmentally appropriate, interesting, relevant to students' lives, and connected with other school subjects.
C. The science program should be coordinated with the mathematics program to enhance student use and understanding of mathematics in the study of science and to improve student understanding of mathematics. D. The K-12 science program must give students access to appropriate and sufficient resources, including quality teachers, time, materials, and equipment, adequate and safe space, and the community. E. All students in the K-12 science program must have equitable access to opportunities to achieve the National Science Education Standards. F. Schools must work as communities that encourage, support, and sustain teachers as they implement an effective science program.
System Standards for Science Education
A. Policies that influence the practice of science education must be congruent with the program, teaching, professional development, assessment, and content standards while allowing for the adaptation by local teachers for local circumstances. B. Policies that influence science education should be coordinated within and across agencies, institutions, and organizations. C. Policies need to be sustained over sufficient time to provide the continuity necessary to bring about the changes required by the Standards. D. Policies must be supported with resources. E. Science education policies must be equitable. F. All policy instruments must be reviewed for possible unintended effects on the classroom practice of science education. G. Responsible individuals must take the opportunity afforded by the standards-based reform movement to achieve the new vision of science education portrayed in the Standards.
